NATS 101 – A Geologic Perspective:     Atmospheric CO2: How is it Changing Over Time???
 (25 points total)  Due Date 


 (Fill in as announced by Instructor.)


Name 



Your Team's Name 



Section # 


Each team member fills out a worksheet for this exercise, and plots the data on the attached graph.  Remember that this is a team project but the completed worksheets must represent your own work with answers to questions in your own words.

Objectives:  CO2 (Carbon Dioxide) is a greenhouse gas that is strongly correlated with global temperatures … the more CO2 in the atmosphere, the warmer Earth’s atmosphere and surface become because of the ability of CO2 to absorb Earth’s outgoing infrared radiation.  In this workshop, we will investigate the CO2 data set from Mauna Loa, Hawaii, which dates from the late 1950’s, and estimate the rate at which atmospheric CO2 has been increasing recently.  This will help us understand:  (1) the basis for conclusions about how quickly CO2 concentrations are rising globally;  (2) estimates for how long it will take for global CO2 concentrations to double at today’s rate of increase; and  (3) the effects of looking at only a portion of a data set in terms of describing its properties.
Background facts:

1. CO2 is a trace gas, meaning that the atmosphere has only a small amount of CO2 compared to other gases (nitrogen and oxygen make up 99% of the atmosphere).  Because CO2 is a trace gas, it is easier to change its atmospheric concentration by adding CO2, for example by burning fossil fuels as we have.
2. The units for CO2 concentrations are ppm, or parts per million.  A value of 1 ppm for gas X in the atmosphere would mean that for a volume having one million total units of all gases, a single unit of the million units would be of gas X.
3. The slope of a line in a graph is the ratio of the rise (the Y-axis) over the run (the X-axis), and has units of the rise axis over the run axis.  For example, if a graph has time (hours) as the X-axis and distance (miles) as the Y-axis, then a line will have slope of miles/hour.
4. The best line through a set of data points can be defined several ways, but in some sense (even by eye) has to minimize the difference between the data points and the line.

5. The amount of time needed for global CO2 concentrations to double is an important input into climate change models for predictions of future climate.

Exercise 1     Each Team will plot ten (10) randomly selected data points from the Mauna Loa CO2 data set.  Each data point represents the CO2 concentration for one month between 2000 and 2006.  Ideally, these data points are to be drawn randomly from a paper bag with all the monthly data between 2000 and 2006.  If these are not available, you may use the ten points highlighted on the attached table of Mauna Loa CO2 data, or you may select ten data points at random.
a. 
Plot the 10 data points on the overhead transparency provided to each Team, aligning the overhead with the copy of the graph underneath so that you can locate the month and year of the data point (on the X-axis) and the CO2 concentration (on the Y-axis).  After you have plotted the 10 points on the overhead, copy the results onto your individual graph paper.
b.
Using your first (earliest) data point, estimate the percentage of the atmosphere made up of the trace gas CO2.  Show your work.  (Hint: 200/1,000,000 = 0.0002 = 0.02%)   (3 points).
Result ________ %

c.
Estimate the slope of the data.  To do this you must first find the best fitting straight line though the 10 data points, and then measure the rise (change in Y-axis) over the run (change in X-axis) of this line.  Do not draw the line on your plot of the data points.  The slope should have units of ppm/year.  Show your work.  




(4 points)
Result ________ ppmv/year
d. 
Provide your Team’s estimate of the slope to the Workshop Instructor, who will share each Team’s estimate of the slope of the single Mauna Loa CO2 data set with the class.  Do the results surprise you (Yes or No)?  Explain why or why not.


(2 points)

Exercise II.    In this part you will estimate how long, based on the rate of increase your team determined from your data set, it will take for atmospheric CO2 concentrations to double.  

a. 
At the rate of increase of atmospheric CO2 concentrations determined in Exercise I (i.e., with the slope you have determined) how many years will it take for CO2 concentrations to double from the value at the beginning of your data?  For example, if the beginning value were 300 ppm, and the rate of increase were 2 ppm/year, it would take 300/2 = 150 years to increase by 300 ppm (i.e., double).  Show your work.



(3 points)

Result ________ years

b.
Now give your Team overhead transparency to the Workshop Instructor for displaying on an overhead projector.  What pattern is now evident in the complete data set?  How often does the pattern repeat?  What do you think might account for this pattern?

(3 points)

Exercise III.   Using only part of a data set can lead to large uncertainties in describing patterns and properties (like slope!) of any data set.  In Exercise III, which can be completed outside of Workshop if needed, you will use the complete data set to re-estimate the slope and time to double the atmospheric CO2 concentrations.

a.
Using the ten years from 1996 to 2006, again estimate the rate of increase in atmospheric CO2 concentrations.  You may use the “Annual” average data from the attached table (underlined in the table).  Show Your Work.




(3 points)

Result ________ ppm/year

b.
Using the rate you have just calculated, re-estimate the time needed to double the atmospheric CO2 concentrations.  Show Your Work.



(3 points)

Result ________ years

c.
It is worth noting that the rate for the last ten years is higher than the rate for the 10 years before, and that the rate may continue to increase in the future.  If the rate increases in the future, will the time needed to double the atmospheric CO2 concentration increase, decrease, or stay the same?  Circle the correct answer.




(1 point)
d.
Individually, in your own words, write a one paragraph summary on a separate piece of paper (staple to these sheets, along with your graph) about what you have learned from this entire exercise about the CO2 data set at Mauna Loa.  You may comment on the exercise itself, aspects of atmospheric composition, or implications of rising CO2 concentrations.




 







(3 points)


